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Objective

To study the influence of a novel intermittent sequential pneu-
matic compression device (Lympha-press) on the adverse car-
diac and peripheral hemodynamic changes induced by positive-
pressure pneumoperitoneum (PPPn) in laparoscopic surgery.

Summary Background Data

Creation of PPPn is known to cause adverse central and pe-
ripheral hemodynamic changes. An intrasubject observational
study was undertaken to quantitate these adverse changes
and to assess the influence of an intermittent sequential pneu-
matic compression system on these adverse hemodynamic
changes during laparoscopic surgery with PPPn.

Methods

The study involved 16 consecutive patients undergoing lapa-
roscopic surgery with PPPn of 12 mmHg and 30° head-up tilt
position. The following peripheral hemodynamic recordings
were made using Doppler ultrasound: peak systolic velocity
(PSV), end diastolic velocity (EDV), and cross-sectional area of
the femoral vein. Central monitoring included cardiac output
and stroke volume by transesophageal Doppler, blood pres-
sure, and pulse. The hemodynamic state based on these pa-
rameters was assessed before induction of PPPn with the anes-
thetized patient in the supine position, after induction of PPPn
and head-up tilt position with Lympha-press off, and during
PPPn and head-up tilt position with Lympha-press on, and after

desufflation with the patient in the supine position under general
anesthesia.

Results

Positive-pressure pneumoperitoneum and the head-up tilt
position resulted in a 33% reduction in PSV, a 21% reduction
in EDV, and a 29% increase in cross-sectional area of the
femoral vein. This was associated with a 20% reduction in
cardiac output and an 18% reduction in stroke volume. Acti-
vation of Lympha-press during PPPn and the head-up tilt po-
sition resulted in a 129% increase in PSV and a 55% increase
in EDV by 55%. It also increased the cardiac output by 27%
and stroke volume by 16%, with no effect on cross-sectional
area. Compared with the pre-PPPn stage, there was no dif-
ference in cardiac output or stroke volume, but the PSV was
higher by 78% and the EDV by 32%. After abdominal desuf-
flation in the supine position, the cardiac output and stroke
volume were restored to the pre-PPPn level, but persistent
and significant elevations were observed during the period of
study in PSV, EDV, and cross-sectional area.

Conclusions

Significant and individually variable central and peripheral he-
modynamic changes are encountered during laparoscopic
surgery with PPPn and the head-up tilt position. These are
reversed by intermittent sequential pneumatic compression
using Lympha-press.

Compared with open surgery, laparoscopic surgical prosperative period and accelerated recovetyOn these
cedures are associated with reduced traumatic insult agglounds, the laparoscopic approach has been proposed for
metabolic stress to the patient and hence a smoother postirgery on high-risk patients with comorbid cardiopulmo-
nary diseasé However, there are documented adverse car-
diovascular, hormonal, and neuroendocrine chartes
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The adverse effects on cardiac performance produced H
PPPn may increase the risk of cardiac complications i
susceptible patient groups® In addition to the central
changes, PPPn results in reduced peripheral veno
flow'™® and diminished perfusion of intraabdominal
organst’~°

In addressing this problem, several remedies have beg
proposed as contenders for clinical evaluafi®rOne of
these is a mechanical solution that involves the applicatio
of intermittent sequential pneumatic compression (ISPC) o
the lower limbs during laparoscopic surgery. The beneficiaj
effects of ISPC devices on the peripheral venous flo
induced by PPPn have been documentetf:>'The present MEASURE
study was designed to evaluate the effect of a novel ISP( : a
system (Lympha-press, Mego Afek Kibbutz afek 30042,
Israel) on both the central and peripheral hemodynami(';iguret
changes induced by PPPn during laparoscopic surgery.

NINEWELLS
SSD22ee

Combined femoral venous velocity profile at center of fem-
oral vein and cross sectional area are shown in Duplex (B and D) mode.
Peak systolic velocity (PSV) of femoral vein is measured at 12.3 cm/sec.

METHODS

Informed consent was secured from 16 patients in Amer- .
ican Surgical Association (ASA) categories | and Il (5 menSyStem (M1205 A, Omnicare, Model 24/24C, Hewlett-
ages 26-65 years, 11 women ages 38-78 years) who Wel?@ckard, Palo Alto, CA).
undergoing laparoscopic surgery (cholecystectomy, fundo-
plication, liver thermal ablation) at Ninewells Hospital, Study Endpoints
Dundee, Scotland. The prospective study was designed as a
paired investigation, with each patient acting as his or he

own control. Ethical approval was obtained from the Tay- ross-sectional area of the femoral vein (Aurcardiac
side Committee on Medical Research Ethics. The exclusiolf . _(imear .
output (L/min), stroke volume (mL), systolic and diastolic

criteria were previous pulmonary embolism and deep vei
thrombosis, a%normal angulopgthy, chronic venouspinsu??loo‘.j pressure (mmHg), arl1d pulse rate. All these were
ficiency, and ASA categories Ill and IV. Only three patientsObtalned at following stages:
were in ASA category Il, one of whom had moderate stable « Pre-PPPn in supine position under general anesthesia
angina and a history of myocardial infarction. with the Lympha-press off (stage 1)

. PPPn and head-up tilt position with the Lympha-press

; Endpoints were peak systolic velocity (PSV) and end
diastolic velocity (EDV) of femoral venous flow (cm/s),

Peripheral Venous Flow Studies

Femoral venous cross-sectional area and velocities we Nine-cell Sleeve Compressor with adjustable
obtained using an ultrasound Doppler machine (Aloka Di- i e
agnostic System, SSD-2200, Mitaka-Shi, Tokyo, Japan)
The technique involved identifying the bifurcation of the | e W \
profunda femoris artery from the common femoral artery; - = '
and then selecting a segment of femoral vein just proximal
to this area. The window of the linear array ultrasound
microconvex probe (7.5 MHz) (Aloka, UST-995) was se-
cured in a customized template fixed at 45° to flow axis
throughout the procedure (Fig. 1).

Cardiac Function

Cardiac output and stroke volume were measured using
transesophageal Doppler machine (ODMII, S/N 2060, Ab-_ , -
bott. Maidenhead. Kent UK) with sinale-use 4-MHz sterile Figure 2. Lympha-press system, showing compressor, distributor,

’ N b g and multicell trousers. The pressure is distributed into overlapping air
probes (Abbott Single Patient Probe G975). Blood pressurgompartments from distal to proximal. Each 30-second cycle consists

and pulse rate were recorded from an anesthetic monitoringf 18 seconds compression and 12 seconds decompression.
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Figure 3. (A) Peak systolic velocity (PSV), (B) end diastolic velocity (EDV) and (C) Cross-sectional area
(CSA) of femoral vein during stages 1 through 4. Stage 1 = Pre.PPPn + supine; stage 2 = PPPn + Tilt +
Lympha-press, off; stage 3 = PPPn + Tilt + Lympha-press, on; stage 4 = post PPPn + supine. *P < .01,
stage 1 vs. 2; TP < .01, stage 2 vs. 3; P < .01, stage 3 vs. 1; §P < .01, stage 4 vs. 1. *P < .05, stage 1
vs. 4.

off (stage 2) simultaneously. This effect translates to a milking mecha-
« PPPn and head-up tilt position with the Lympha-pressnism on the lower limb veins. The 30-second cycle consists

on (stage 3) of 18 seconds of compression (each cell is inflated for
. Post-PPPn in supine position under general anesthesapproximately 2 seconds) and 12 seconds of decompres-

with the Lympha-press off (stage 4) sion, starting with a few seconds of intermission period
when all cells are in a simultaneous compression state,

Femoral venous recordings were taken every 5 minute ; .
9 y Eollowed by simultaneous decompression of all cells.

and cardiac recordings every 2 to 3 minutes. Each recordin
was an average of three readings. A 5-minute stabilization

time was allowed between recordings Qf an event (deﬁneg\nesthesia and Pneumoperitoneum

as a change between any two successive stages).

A standardized general anesthetic protocol administered
by two anesthetists was followed in all patients. All proce-
dures were carried out under 12 mmHg PPPn and a 30°
head-up tilt position. Patients were allowed to eat or drink

The Lympha-press system consists of a compressor, @p to midnight before surgery and then were fully fasted.
distributor, and a multicell sleeve (Fig. 2). Each sleeve is a@his regimen was adjusted if patients were scheduled for a
carpetlike wrapping of nine cells that is adapted to eacHater time on the surgery list. Intraoperative fluid mainte-
lower limb from ankle to groin. The adjustable pressurenance was provided by crystalloid infusion (7 mL/kg per
generated by the pneumatic compressor is set at a maximuhour), and extra losses were replaced as clinically indicated.
of 55 mmHg and is distributed into overlapping air com- End tidal CQ was maintained at 4.5 to 5.0 KPa with the
partments sequentially from distal to proximal to both legsventilatory technique.

Intermittent Sequential Pneumatic
Compression Device
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Figure 4. (A) Cardiac output (CO) and (B) stroke volume (SV) during stages 1 through 4. Stage 1 =
Pre.PPPn + supine; stage 2 = PPPn + Tilt + Lympha-press, off; stage 3 = PPPn + Tilt + Lympha-press,
on; stage 4 = post PPPn + supine. *P < .05, stage 1 vs. 2; TP = .007, stage 2 vs. 3.

Statistical Analysis and stroke volume plotted against the four stages of the

. . procedure are shown in Figures 3 and 4.
The mean difference of outcome measures during any

event was not normally distributed. Therefore, the mean
difference was compared with zero as the null hypothesis ilStage 1
a paired analysis with the Wilcoxon rank signed test for

repe_atedg (r)neft;lstgr?m?nts using tshss\é\/llndowgﬁased ‘Tf %?eat individual variations. Overall, we observed a 20%
version 5.V statistical program ( ne., icago, )'re uction in cardiac output and an 18% reduction in stroke
Results are presented as median percentage change

) ) . 2 ume. No significant change was observed in the systolic
interquartile range (25th to 75 percentiles). Significance Wag 4 diastolic blood pressure or pulse rate. The peripheral
set at the 5% level.

changes observed were a median reduction in PSV by 33%
and in EDV by 21%. The cross-sectional area of the femoral
RESULTS vein increased by 29% (Table 1).

The changes in cardiac output and stroke volume showed

For technical reasons, it was possible to obtain bo“btage 2

central and peripheral readings in only five patients. An-

other five patients had the central readings (cardiac output, The Lympha-press augmented PSV by 129% and EDV
stroke volume, blood pressure, pulse rate) only, and siby 55% but did not alter significantly the femoral vein
patients had the peripheral readings (PSV, EDV, crosseross-sectional area. For the 11 patients who had peripheral
sectional area) only. No perioperative cardiovascular comrecordings, the augmented femoral venous flow velocity
plications were observed during this study. The mediartranslated to a median increase of 6.2 cm/s for PSV and 1.6
values of PSV, EDV, cross-sectional area, cardiac outpum/s for EDV (Table 2). ISPC generated by the Lympha-

Table 1. CHANGES IN CENTRAL AND PERIPHERAL MEASUREMENTS

PSV EDV CSA co sV
Stage 1 vs. 2 —33 (—22, —40) —21(—33, —15) 29 (1, 33) —20(—37, —4) —18(-23, —8)
P value .003 .003 013 037 022
Stage 2 vs. 3 129 (112, 194) 55 (43, 95) ~7(-15,9) 27 (17, 31) 16 (10, 34)

P value .003 .003 213 .007 .007
Stage 1 vs. 3 78 (69, 131) 32 (17, 51) 17 (4, 63) —5(—19, 15) —5(—12, 14)
P value .003 .003 .037 575 799
Stage 4 vs. 1 35 (10, 50) 20 (0, 39) 96, 42) 5 (-8, 23) -1 (-9, 29
P value .006 028 .038 753 463

Data are given as median percentage change (interquartile range).
PSV, peak systolic velocity of femoral vein; EDV, end diastolic velocity of femoral vein; CSA, cross-sectional area of femoral vein; CO, cardiac output; SV, stroke volume.
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Table 2. MEAN DIFFERENCE IN CENTRAL AND PERIPHERAL MEASUREMENTS DURING
PPPN AND HEAD-UP TILT POSITION BETWEEN LYMPHA-PRESS ON OR OFF

Patient PSV (cm/s) EDV (cm/s) CSA (mm?) CO (mL/min) SV (mL)

1 5.4 1.7 2.0 650 7.5

2 6.6 1.6 -55 767 8.7

3 4.6 1.0 -7.5 851 9.1

4 4.2 1.6 -9.7 -560 —-2.4

5 6.1 1.6 —-4.5 1,291 7.4

6 1,405 26.9

7 525 1.8

8 958 8.8

9 1,367 21.3
10 2,417 19.2
11 8.9 2.3 6.4

12 7.3 2.6 —-16.5

13 8.9 1.6 —-2.1

14 5.1 1.4 -3.3

15 6.3 2.8 12.0

16 3.3 1.1 0.3

Median 6.2 1.6 -3.9 905 8.8
Interquartile range (4.5,7.7) (1.3, 2.4) (-8, 2 (619, 1,377) (6, 20)
P value .003 .003 248 .009 .009

PSV, peak systolic velocity of femoral vein; EDV, end diastolic velocity of femoral vein; CSA, cross-sectional area of femoral vein; CO, cardiac output; SV, stroke volume.

press augmented cardiac output by 27% and stroke volum8tage 4
by 16% (i.e., a median increase of 0.905 L/min in cardiac

output and 8.8 mL in SV). In addition, Lympha-press acti-. . . .
k . L . : increased with desufflation of the pneumoperitoneum and
vation resulted in a significant elevation of both systolic and ; . .
restoration of the supine position at the end of the proce-

?_lraasbtloellg)blood pressure, but it had no effect on pulse rat%ure. Although the median values for cardiac output and

stroke volume during stage 4 were greater than the corre-
sponding values during stage 1, the differences were small
Stage 3 and not significant. Similarly, no overall change was ob-

served in either blood pressure or pulse rate.
Lympha-press augmented PSV and EDV by 78% and

32%, respectively, compared with stage 1. There was also pISCUSSION

17% increase in the femoral vein cross-sectional area. There o ) ) S
was no net effect on cardiac output, stroke volume, blood Our results showed a significant interpatient variability in
pressure, or pulse rate. the reduction of cardiac output and stroke volume with

PPPn, as reported previousty? Thus, in one patient, a52%
reduction in cardiac output was observed. It could be argued
that a drop in cardiac output of this magnitude could have

Compared with stage 1, all the peripheral parameters

Table 3. CHANGES IN BLOOD PRESSURE serious consequences in patients with risk factors for peri-
AND PULSE RATE operative cardiac complicatiofg??>2°The absence of
any perioperative cardiac complications in the present study
Pulse | ly explained by the small cohort and the exclusi
Systolic Diastolic Rate is probapy explained by the small cohort and the exclusions
of all patients in ASA categories Ill and IV.
Stage 1vs. 2 2 (28, 17) 2(-13,32) —1(-6,0) The issue of cardiac performance in the presence of a
P value 878 508 73 significant PPPn remains unresolved. Some have reported
Stage 2 vs. 3 197, 23) 1, 16) 4(=3.18)  no change in cardiac output with the creation of PBPR®
P value .005 .005 110 th h ted a dual ¢ duated el
Stage 1vs. 3 14 (-3, 39) 17/ (=7, 40) 5(—6,13  Others have suggested a dual response to a graduated ele-
P value 093 059 333 vation in the intraperitoneal pressure, with initial stimula-
Stage 4 vs. 1 7 (0, 58) -2 (=7, 20) 0 (-9, 30) tion and subsequent suppression of €Y Most reported
P value 173 893 917 studies document a variable degree of “cardiac suppression,”

in agreement with our findings>243°—To some extent, the

Data are given as median percentage change (interquartile range). . . . . .
9 percentage change (nterq 99 reduction in cardiac output depends on the level of intraperi-




Vol. 233 + No. 2

Alishahi and Others 181

toneal pressuré:3’ However, as demonstrated by our find- prove tissue perfusion. Further studies are needed to address
ings, even when the intraperitoneal pressure is kept at a cothis issue. Our findings demonstrate that ISPC by the Lym-
stant level of 12 mmHg, the effect on cardiac output variepha-press fully reverses the cardiac depression and head-up
from patient to patient. Undoubtedly, the cardiac suppressiotilt position and overcompensates for the state of peripheral
induced by PPPn appears to be well tolerated by relativelyenous stasis induced by PPPn during laparoscopic surgery.
young fit patientS. However, the situation is likely to be Application of Lympha-press is recommended, particularly
different in patients at risk of perioperative cardiac complica-for patients at risk for perioperative cardiac complications.

tions®°?° These cardiac changes were not accompanied by

any significant changes in blood pressure and pulse rate, arﬁieferences

thus these indices cannot be relied on to monitor cardiac
changes induced by PPPn.

The validity of transesophageal Doppler measurement of
cardiac function is well established and its accuracy has
been confirmed against the thermodilution and Fick meth-~
ods3* It is ideal for noninvasive monitoring of patients at
risk for acute hemodynamic changes that may not be readilys.
revealed by conventional intraoperative monitoring tech-
nigues, and its use in laparoscopic surgery for this purpose
has been recommend&d® The technique is safe, noninva-
sive, and easy to deploy, it produces little artifact, and g5
correct interpretation does not require specialist traiffhg.

The reported augmentation of venous flow generated by
other ISPC devices is less than that obtained with the
Lympha-press?1®?1The degree of femoral venous flow
augmentation with ISPC systems depends on several fac-
tors, such as the ratio of the duration of compression tos.
decompression, the rate of insufflation, the number of cells,
the distribution of pressure over the lower limbs, the max-
imum pressure reached in each cell, and the arrangement ot
the cells (i.e., overlapping vs. nonoverlapping cells). The

1.

specifications of the Lympha-press differ from those ofio.

other ISPC systems in almost all these parameters. No
comparative data with other ISPC systems are available.
Some studies have linked the adverse influence of PPPn on
cardiac performance to the suppression of venous return (car-
diac preload) as the primary caus& others have incrimi-
nated the significant increase in systemic vascular resistance
(afterload) as the dominant factof!?>33n the present study,

PPPn and the head-up tilt position resulted in an overall 335>

reduction in PSV and a 20% reduction in cardiac output. The

Lympha-press caused a 129% elevation in PSV but generated.

only a 27% increase in cardiac output. These data suggest that

the reduction in cardiac output with the establishment of PPP#>:

and the head-up tilt position cannot be entirely explained by
reduction in venous return. It appears that both factors may be

involved. The augmented venous return induced by the Lymais.

pha-press is partially dissipated in the pulmonary vasculature
before influencing the cardiac output. 17
A variable but significant reduction of blood flow in the
renal, hepatic, gastric, and mesenteric beds has been re-
ported during laparoscopic surgery with PPPR? and
impaired renal function has been documented. The reduced

tissue perfusion is probably multifactorial—loco-regional 19.

vascular changes in addition to reduced cardiac output.

Thus, it is by no means certain that the increased cardiag

output resulting from use of the Lympha-press would im-
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